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Glycopeptidic Compounds 

BACKGROUND OF THE INVENTION 
FTF.T n np nffi INVKNTTON 

The field of the invention comprises novel pharmaceuticals for preventing and treating ! 
antiviral infection, preferably retroviral infections and more preferably HTV mfection. 

BACKGROTTMD 

Glycopeptide antibiotics (Vancomycin, Teicoplanin) are vital therapeutic agents used world- 
wide for the treatment of infections with gram-positive bacteria. Emerging bacterial resistance 
to vancomycin, which has recently become a major public health threat, is a stimulus for the 
synthesis and investigation of various derivatives of glycopeptide antibiotics (M'^abarba, A et 
al Med. Res. Rev. 17: 69-137, 1997 and Pavlov AY. & M^NJPreobrazhensfcaya, Russian 
Journal of Bioorganic Chemistry. 24:570 - 587, 1998). However, none of these compounds or 
their derivatives have been demonstrated to have antiviral properties or to be suitable to inhibit- • 
or prevent viral infections. 

The present invention includes various new semisynthetic derivatives of natural glycopeptide • 
antibiotics such as vancomycin, eremomycin, chloreremomycin, teicoplanin, DA-40926 and 
others, their aglycons and also products of their partial degradation with the peptide core • 
destroyed or modified in peptide core and in sugar moieties. The present derivatives are useful 
as anti-HTV compounds. They are particularly effective against drag-resistant HTV strains. 

SUMMARY OF THE INVENTION 

New semisynthetic derivatives of natural glycopeptide antibiotics have been designed and 
tested for antiviral activity and cell toxicity. 



ZD. APT zuud CZ/ + 32 lb SZb&IS Nr. 5907 P- 8/60 




2 

The invention includes novel compounds and methods of making novel compounds with^ 
pronounced anti-HfV activity and low cell toxicity, methods of structurally modifying said 
compounds for enhanced antiviral activity and methods of structurally modifying said 
compounds for decreasing or removing antibacterial activity while maintaining antiviral 
5 activity. 

An embodiment of present invention comprises thus novel pharmaceuticals derived firora " 
glycopeptide antibiotics or from glycopeptid.es with an analogue structure for preventing and 
treating antiviral infection, preferably retroviral infections and more preferably KIV Infection. . 
■ • 10 / 

A preferred embodiment of present invention are compounds of the formula I, H and III 



Formula I 





wherein: 

S b 1 and each independently represents nihil or an additional bond, R° represents nihil when 
b 2 represents an additional bond and hydrogen when b 3 represents njM, R 6 represents nihil 
when b 1 represents an additional bond and hydrogen when b 1 represents nihil, R* represents 
R fia and R° represents hydrogen when b 1 and b 2 each represents nihil, wherein R 6a is described 
below. Preferably R 6 represents R*% R° represents hydrogen and b 1 and b 2 each represents 

10 nihil; 

b 3 represents nihil or an additional bond, R a — R 5a represents a group of the formula: , 
C3HN(R ll )CO, CHN(R 1J )CCH 3 )^(R Ua )CO or ck^(R u )CO(CHi),N(R na )CO when b 3 . 
represents an additional bond, and R* is R and R 5a is R 5 when b 3 represents nihil, wherein z is • 
15 0, 1, 2, 3 or 4 and R, R 3 , R l1 and R 1U are described below. Preferably R a — R 5a represents 
CHNHCO; 

b 4 represents niliil or an additional bond, R b ~R 3b represents a group of the formula: 
CHN(R 11 )CO J CHN(R ll )(CH2)^CR 1,a )CO or qE3N(R a )C»(CH^(R lla )CO when b 4 
represents an additional bond, and R b is R and R 5b is R 5 when b 4 represents nihil, wherein p is 
20 0, 1, 2, 3 or 4 and R, R 5 R n and R Ua are described below; 

b 5 , b 6 and b 7 each independently represents nihil or an additional bond, Y represents oxygen, 
R 0a represents hydrogen and R d represents R or a group of the formula: 
(Ofc^CON^^CHCCBbOH) (CJEfc)<,N(R 12 )CH(CH 2 OH) when b 5 and b 7 represent nihil and b* 
represents an additional bond. R 0a represents nihil, R d — Y represents a group of the formula: 
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CHN=C(NR u )0 or CHNHCONCR* 1 ) when b 6 represents nihil and b s represents an additional^ 
bond. Y and R 0a each represents a hydrogen and R d represents a group of the formula: 
(CE^,CONCR ll )CH(<^OH) (CB^tR^CHCOkOH) when b 5 , b* and b 7 each represents 
nihil, wherein q is 0, 1, 2, or 3 and R, R 11 and R 12 are described below, 
5 n is 0, 1, 2 or 3; 

X 1 , X?, X 3 , X 4 , X 5 , X 7 and X 9 are each independently selected from hydrogen, halogen and X*, 
wherein X 6 is defined below. Preferably ;X l , X 2 , X 3 , X 4 , X 5 , X 7 and X 9 are each independently * 
selected from hydrogen and CI; ;• 

X s is selected from the group comprising hydrogen, halogen, S0 3 H, OH, NO, NC 2 , NENHa, ?. 
10 NHN-CHR 11 , N-NR U , CHR U R 13 , CEbN<R 5 )R", R 3 , R n and R 13 , wherein R 3 is CFa attached ' 

to phenolic hydroxy! group of the 7* amino acid, R s , R n and R 13 are defined below. Preferably 

X 6 isCH 2 R 13 ; ' 

X? is selected from hydrogen and methyl; 
. R p represents R and R 5 ° represents R s , wherein R and R 5 are defined below, 
15 R is selected from CHR 13 and R 14 , wherein R 13 and R 14 are defined below. Preferably R is 

CHR 13 ; 

R 1 Is selected from hydrogen and R u , wherein R u is defined below. Preferably R l is 
(CH^COOH, (dfc^CONR 1 ^ 12 , (CH^OR 13 , (CH&COOR 11 , COR w , (CH 2 ) t OH> (CH2)tCN, 
(CHa)^ 3 , (CH 2 ),SCH3 ( (CHO.SOCH3, (CHaJiSCO^CHj, <CH 2 >phettyl(m-OH, p-CI) t 
20 (CH 2 >phenyl(o-X 7 , w-OR 10 , ^-X^tO-phenylCo-OR 9 , m-X 9 , ™-R w )]-m, where t is 0, 1 , 2, 3 or 
4. R, X 7 , X s , X 9 are defined above. R u , R 12 R 13 , R 13 and R 16 are defined below, 
R* and R 4 are each independently selected from hydrogen, R 12 and R 17 , wherein R 12 and R 17 
are defined below; 

' R 3 is selected from hydrogen, R 12 , R 17 or Sug, wherein : Sug is any cyclic or acyclic ' 
25 carbohydrate. Preferably Sug is mannosyl or O-acetylmannosyl. R 12 and R 17 are defined • 
below; 

R 5 is selected from COOH, COOR 11 , COR 13 , COR 15 , CH 2 OH, CHahalogen, CH 2 R 13 CHO, 
CH=NOR n , CH=NNR U R 12 and C=NNHCONR u R 12 , wherein R 11 , R w , R !3 and R 15 are 
defined below; 

30 R 6a is selected from OR 12 , OR 17 , OH, O-alkyl-Sug and O-Sug, wherein Sug is any cyclic or 
acyclic carbohydrate. Preferably Sug is glucosyl, ristosaminyl, N-acetylglucosaminyl, 4-epi- 
vancosaminyl, 3-e^vancosaramyl, vancosararayl, actinosaminyl, glncuronyl, 4- 
oxovancosaminyl, urddc^oxovancosaminyl and their derivatives with functional groups 
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such as, for example, amino, carboxy, hydroxy and oxo. Typical carbohydrate derivatives 
comprising NR^R 11 , N^R. H R Ila R l,b , COOR u , COR 13 , COR 15 , O-R 12 , O-R", C=NOR n , 
CHNHOR 11 , C=NNR ll R 12 and C=NNHCONR u R w derivatives, wherein R» R 1U , R nb , R 12 , 
R* R 13 and R 17 are defined below; 

R 7 is selected from hydrogen, R 12 , R 17 , Sug and alkyl-Sug, wherein Sug is any cyclic or ■ 
acyclic carbohydrate. Preferably Sug is glucosyl, mannoayl, ristosaminyl, N-acylglucosaminyl, 
• N-acylglucuronyl, •glucosaniinyl, glucuronyl, 4-epi-vancosamtayI, 3-ep/-vancosaminyl, , 
vancosaminyl, actinosaminyl, acosaminyl, glucosyl-v&ucosaminyl, glucosyl-4-e^- - 
. vancosaminyl, giucosyl^-sp^vancosamiiiyl, glucosyl-acosaminyl, gJucosyS-ristosaminyl,.- 
'glucosyl-actmosaminyl, glucosyl-rhamnosy!, gluccsyl-olivosyi; glucosyl-msnnosyl, glucosyl- ■•' 
-4-oxovancosaminyl, glucosyl-urddo-4^xovancosaminyi, glucosyl(rhamnosyl)-mannosyl- 
arabinosyl, glucosyl-2-O-Leu and their derivatives with as functional groups, for example, - 
amino, carboxy, hydroxy and oxo. Typical carbohydrate derivatives comprising NR n R 12 , 
N + R 11 R lla R Ub , COOR 11 , COR 13 , COR 15 , O-R 12 , O-R 17 , C=NOR u , CHNHOR 11 , C=KNR 11 R 12 
and C=NNHCONR n R 12 derivatives, wlierebiR 11 , K u \ R l » R W ,R 13 , R 15 and R 17 are defined 
below; 

R 8 is selected from hydrogen, R 12 , R 17 OH, O-alfcyl-Sug and O-Sug, wherein Sug is any cyclic 
or acyclic carbohydrate. Preferably Sug is O-mannosyl, O-galactosyl and O-galactosyl- 
galactosyl; 

R ? is selected from hydrogen, R 12 , R 17 or Sug,- wherein Sug is any cyclic or acyclic 

carbohydrate. Preferably Sug is galactosyl or gda&osyl-galacbsyl. R 12 and R 17 ere defined • 
"below; 

R 10 is selected from hydrogen, R 12 , R 17 or Sug, wherein Sug is any cyclic or acyclic < 
carbohydrate. Preferably Sug is raannosyl or fiicosyl. R w and R 17 are defined below; 
R", R lu and K m are each independently selected from the group consisting of hydrogen, 
alkyl, aryl, heteroaryl, cyloalkyl, heterocycloalkyl; 

R 12 and R 12a are each independently selected from the group consisting of hydrogen, alkyl, 
cycloalkyl, aryl, heterocycloalkyl, heteroaryl, acyl, amino-protecting group, carbamoyl 
thiocarbamoyl, SO^ 11 , S(0)R u , COR 13 -R 18 , COCHR 18 N(NO)R 1! , COCHR 15S NR n R 12 and 
COCHR 18 *^ 11 ^ 1 ^ 11 *, wherein R», R» l * and R llb are defined above, R 13 and R w are 
defined below. Preferably R 12 * is hydrogen, COCHR 15 NR ll R 12 , COCHR 18 N(NO)R n , 
COCHR 18 NlR. u R ,l9 R" b and COCHR 11 ^ 13 ; 
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N + R 11 R U *R 11,, S R 15 , NR n C(R lu R ub )COR 15 and group of the formula: 
N-A- N*- A 

wherein A is -CH 2 -B-CEfe- and B is -(CHaWD-CCHzV, wherein ra and r are from 1 to 4 and 
5 • D is O, S, NR. 12 , N^'R 11 ', wherein Sug is any cyclic or acyclic carbohydrate, R u , K Ua and • 
R 12 are defined above; 

R 14 is CH 2 , 0=0, CKOH, C=NOR n , CSNHOR 11 , C=NNR! 1 R 12 , CHNTOTCOr^R 12 and- 
v CHNHNR U R 12 , wherein R u and R 12 are dsfmed above; 

.... R 15 is selected from N(R 11 )NR l,il R 12 , N(R n )OR Uil 3 HR'^CR^^^COR 13 , wherein R n , R 1U , v 
10 • . R Jib , R 12 : and R 13 are defined above; < 
i R w is selected from group of the formula: -R-R 5 or GBXNHa)CH20H; 

, R 17 is selected from SOjH, SiR u R 1 * a R ub , SiOR n OR lu OR ub , PR u R ni \ P(0)R 1, R lla , 
P 4 R a R 1,a R Ub , wherein R 11 , R lla and R m are defined above; 

• R 1 * is selected from hydrogen and R 1 , wherein R x 'is defined above. Preferably R 18 is CF 3 , . 
15 CHjiCH(CHj)2, phenylfc-OH, »i-Cl), phenyl-rhamnose-^, phenyI-(rhamnose-gaiactose)-/v 

phenyl-(galartose-galactose)-p,phenyl<)-methyhha»wose-i?; 

• or a pharmaceutical^ acceptable salt thereof, for use in a therapeutic treatment or prophylactic 
treatment of viral infection 

20 

A more preferred embodiment of present jjayeatiott is the use 'of compounds of the formula I, 
Hand IH 

1 Formula I 
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Formula H 




Formula HI 



R 4 0 




wherein: 

b 1 and b 2 each independently represents nihil or an additional bond, R° represents nihil when 
b* represents an additional bond and hydrogen when b 2 represents nihil, R 6 represents niM 
10 when b 1 represents an additional bond and hydrogen when b x represents nihil, R 6 represents 
R 6a and R° represents hydrogen when b 1 and b s each represents nihil, wherein R 6a is described'- 
below. Preferably R 6 represents R* a , R° represents hydrogen and b 1 and b 2 each represents 
nihil; 



15 b* represents nihil or an additional bond, R a — R 5a represents a group of the formula; 
CHN(R")CO, CHNf^^XCHb^CR'^CO or CHNCR 11 )^^)^ 118 )^ when b 3 
represents an additional bond, and R» is R and R s » is R 5 when b* represents nihil, wherein z is 
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0, 1, 2, 3 or 4 and R, R 5 , R n and R lla are described below. Preferably R* — R 5a represents^ 
CHNHCO; 

b 4 represents nihil or an additional bond, R b — R 5 * represents a group of the formula: 
CHN(R u )CO, CHN(R 1, )(CH 2 ^(R na )CO or CHN(R u )CO(CH 2 )pNCR. na )CO when b 4 
5 • represents an additional bond, and R b is R and R 5b is VJ when b 4 represents nihil, 7/hsrein p is 
0, 1, 2, 3 or 4 and R, R 5 R u and R Ua are described below; 

b 5 , b 6 and b 7 each independently represents nihil or an additional bond. Y represents oxygen, 
R Qa represents hydrogen and R d represents.: R or a group of the formula: 
(CH 2 ),CON(R lI )CH(Ct£OH) (CH 2 )^<R 12 )CH(CH 2 OH) when b 3 and b 7 represent nihil and b 6 
• 10 represents an additional bond. R 0a represents nihil, R 4 — Y represents a group of the formula: • 
CHN=C(NR n )0 or CHNHCON(R") when b 6 represents nihil and b 5 represents an additional 
bond. Y and R 0a each represents a hydrogen and R d represents group of the formula: 
(CHb) q COK(R ll )CH(CHbOB) (CH3) q N(R 12 )aK[(CH20H) when b s , b 6 and b 7 each represents 
nihil, wherein q is 0, 1, 2, or 3 and R, R n and R 12 are described below; 
15 ' n is 0, 1, 2 or 3; 

X 1 , X 2 X 3 , X 4 , X 5 , X 7 and X? are each independently selected from hydrogen, halogen and X s , 

wherein X 6 is defined below. Preferably X 1 , X 2 , X 3 , X 4 , X 5 , X 7 and X? are each independently 
- ■ selected from hydrogen and CI; 

X s is selected from the group comprising hydrogen, halogen, SO3H, OH, NO, NO2, NHNBa, 
20 NHN-CHR 11 , N=NR", CHR U R 13 , CH 2 NCR 3 )R U , R 5 , R n and R* 3 , wherein R* is CH2 attached 

to phenolic hydroxyl group of the 7 th amino acid, R 5 , R u and R 13 are defined below. Preferably 

X^isCHzR"; 
. X 8 is selected from hydrogen and methyl; 

r R° represents R and R 5c represents R 5 , wherein R and R 5 are defined below; 
25 • R is selected from CHR 13 and R M , wherein R 13 and R 14 are defined below. Preferably R is 
CHR 13 ; , 

R J is selected from hydrogen and R 11 , wherein R 11 is defined below. Preferably R 1 is 
(CH&COOH, (CH^CONR^R 12 , (CH&COR 13 , (CHOtCOOR 11 , COR 15 , (CHOtOH, <CH 2 >CN, 
(CH 2 )tR 13 f (CBfe),SCH3, (CHj>SOCH3, (CHa)tS(0) 2 CH3, (CH^phenylCm-OH, p-CI), 
30 (CH^phenyKo-X 7 m-OK x °, p-X*HO-ptenyKo-OB? t w-X*, w-R 16 )]-™, where t is 0, 1, 2, 3 or 
4. R, X 7 , X*, X* are defined above. R 11 , R 12 , R 13 , R 15 and R 1C are defined below; 
R 2 and R 4 are each independently selected from hydrogen, R 13 and R 17 , wherein R 12 and R 17 
■ are defined below; 
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R 3 is selected from hydrogen, R 12 , R 17 or Sug, wherein Sug is any cyclic or acyclic 
carbohydrate. Preferably Sug is mannosyl or O-acetylmannosyl. R 12 and R 17 are defined 
below; 

R s is selected front COOH, COOR 11 , COR 13 , COR 15 , CH 2 OH, CHahalogen, CHJt 13 , CHO, 
5 • CH=NOR u , CH=NNR U R 12 and C=NNHCONR 11 R 12 , wherein R u , R 12 , R 13 and R 15 are, 
defined below; 

R** is selected from OR 12 , OR 17 , OH, O-alkyl-Sug.and 0~Su& wherein Sug is any cyclic or 
acyclic carbohydrate. Preferably Sug is glucosyl, ristosaminyl, N-acetylglucosaminyl, 4-epi- ■ 
yancosamkyl, 3-epiWancosaminyl, vancosamiayl, actinosaminyL glucuronyl, 4- 1 
10 oxovancosaminyl, ureido-4^oxo\Tmcosaniinyl and their derivatives with fractional groups 
• such as for example, amino, carboxy, hydroxy and oxo. Typical carbohydrate derivatives : 
comprising NR ll R 12 , N^R 11 *^ 1 * COOR 11 , COR 13 , COR 13 , O-R 12 , O-R 17 , C-NOR 11 ,; 
CHNHOR 11 , C=NNR U R 12 and C-TOJHCONR u R 12 derivatives, wherein R u , R Ua , R u ", R» 2 , 
R 13 , R 13 and R 17 are denned below; 
15 R 7 is selected from hydrogen, R w , R 17 Sug and alfcyl-Sug, wherein Sug is any cyclic or 
acyclic carbohydrate. Preferably Sug is ghicosyl, mannosyl, ristosaminyl, N-acylglucosaminyl, 
N-acylglucuronyl, glucosaminyl, glucuronyl, 4-e/?/-vancx>3aminyl, 3-cp/-vancosaminyl, 
vancosaminyl, actinosaminyl, acosaminyl, . glucosyl-vancosaminyl, glucosyl-^?/- 
vancosaminyl, ghicosyl-3-^vancosaminyl, glucosyl-acosaminyl, gJucosyl-ristosaminyl, 
20 glucosyl-actmosaminyl, glucosyl-rhamnosyl, glucosyl-olivosyl, glucosyl-mannosyl, glucosyl- 
•4-oxovanGosatninyl, glucosyl-uieido^-Oxovarxosaminyl, glucosyl(rhamnosyl)-maDno5yl- . 
arabinosyl, gIucosyl-2-O-Leu and their derivatives with as functional groups, for example, ■ 
amino, carboxy, hydroxy and 0x0. Typical carbohydrate derivatives comprising M^R 12 , . 
N + R 1I R lu R lJb , COOR 11 , COR**, COR 13 , O-R 12 , O-R 17 , C-NOR 11 , CHNHOR 11 , CWMNR^R"' 
25 and C=NNHCONR 11 R 12 derivatives, wherein R 11 , R lla , R llb , R 12 , R 13 , R 15 and R 17 are defined 
below; 

R 8 is selected from hydrogen, R 12 , R 17 OH, O-alfcyl-Sug and O-Sug, wherein Sug is any cyclic 
or acyclic carbohydrate. Preferably Sug is O-mannosyl, O-galactosyl and O-galactosyl- . 
galactosyl; 

30 R 9 is selected from hydrogen, R 12 , R 17 or Sug, wherein Sug is any cyclic or acyclic 
carbohydrate. Preferably Sug is galactosyl or galactosyl-galactosyl. R 12 and R 17 are defined 
below; 
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R lp is selected from hydrogen, R 12 , R* 7 or Sug, wherein Sug is any cyclic or acyclic^ 
carbohydrate. Preferably Sug is mannosyl or flicosyl. R 12 and R 17 are defined below; 
R u . R lla and R llb are each independently selected from the group consisting of hydrogen, 
alkyl, aryl, heteroaryl, cyloalkyL heterocycloalkyl; 
- 5 R 12 and R I2a are each independently selected from the group' consisting of hydrogen, alkyl, • 
cycloalfcyl, aryl, heterocycloalkyl, heteroaryl, - acyl, ammo-protecting group, carbamoyl, 
thtocarbamoyl, SOaR 11 , S(0)R H , COR l3 -R 18 , COCHR X8 N(NO)R", C0CHR I8 NR n R 12 and. 
COCm 18 N 4 R u R Ui R Ub , wherein R n , :R Ua and R nb are defined above, R lJ and R w arc 
defined below. Preferably R 12a Is hydrogen, COCHR ls NR n R 12 , COCHR 18 N(NO)PJ\ 
10 COCHR 1 *N + R u R 1,a R ub and COCHR 18 R i3 ; 

R 13 is selected from the group consisting of ^hydrogen, • NHR 12 *, NR. ll R 12 , NR 1I Sug, 
N*R u R lu R nb R 15 , r^QR^R^COR^and group of the formula: 
N-A- tf- A 

wherein A is -CH 2 -B-CHz- and B is -(CHfe) m -D-(CH 2 )r, wherein m and r are from 1 to 4 and 
15 D is O, S, NR. 12 , KrtR. u R IU , wherein Sug is any cyclic or acyclic carbohydrate, R u , R 1U and 
R 12 are defined above; 

R 14 is Ok, C-O, CHOH, C=NOR u , CHNHOR 11 , C=NNR ,, R 12 , C=NNHCONR n R 12 and 
CHNHNR 1 'R 12 , wherein R n and R 12 are defined above; 

R ,s is selected from N<R u )NR lla R ,a , N(R xl )OR lu , m u C<R Ua R Ilb )COR 13 , wherein R 11 , R 1U , 
20 R Ub , R 12 and R 13 are defined above; 

i R 16 is selected from group of the formula: ; R-R s or di(NH 2 )C£%OH; 
R 17 is selected from S0 3 H, SiR 11 R 1 . la R llb > SiOR n OR lu OR Ilb , PR n R lla , P(0)R n R IU , 
P + R 11 R ,u R 1,b , wherein R u , R lu and R llb are defined above; 

R 18 is selected from hydrogen and R 1 , Wherein R 1 is defined above. Preferably R 18 is CH 3 , 
25 CHzCH^I^)^ phenyl(p-OH, m-CI), phenyl-rlia'mnose-^, phenyl-(rhamnose-galactOse)^>, 
plienyl-(galactose-galactose)-j?, phenyl-O-methylrhamnOse-j?; 

or a pharmaceutically acceptable salt thereof, for the preparation of a medicament for 
preventing or treating viral infections. 



Each compound of the present invention may be a pure stereoisomer coupled at each of its 
chiral centers or it may be inverted at one or more of its cbixal centers. ft may be a single 
stereoisomer or a mixture of two or more stereoisomers. If it is a mixture, the ratio may or may 
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not be equimolar. Preferably the compound is a single stereoisomer. Preferably the 
stereochemistry of the peptide core of the compound comajjoing six amino acids (2-7) is 2(R) t 
3(S)> 4(R\ 5(R), 6(S) and 7(S), 

5 Yet another preferred embodiment of present invention are compounds of the formula I, H and ■ 

in 
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wherein: 

b l and b* each independently represents nihil or an additional bond, R° represents nihil when 
b 2 represents an additional bond and hydrogen when b* represents nihil, R 6 represents nihil 
5 when b l represents an additional bond and hydrogen when b 1 * represents nihil, R* represents 
R** and R° represents hydrogen when b* and b 2 each represents nihil, wherein R* a is described 
below. Preferably R 6 represents R« a , R° represents hydrogen and b' and b 2 each represents- 
nihil; 

10 b 3 represents nihil or an additional bond, R'—R 3 * represents a group of the formula; • 
CHN<R»)CO, CHN^^CPWCR'^CO or CHN(R u )CO(CH 2 )^CR lla )CO when b 3 
represents an additional bond, and R" is R and R 3 * is R s when V represents nihil, wherein z is 

0, 1, 2, 3 or 4 and R R 5 , R 11 and R Ua are described below. Preferably R n ~ R 3a represents 

CHNHCO; 

15 b 4 represents nihil or an additional bond, R^R* represents a group of the formula: 
CHN(R n )CO, (^^XCH^N^^CO or CHN(R 11 )CO(CH 3 ) P N(R u »)CO when b 4 
represents an additional bond, and R* is R and R 5b h R 5 when b 4 represents nihil, wherein p is 
0, 1, 2, 3 or 4 and R, R s R u and R Ua are described below; 

b 5 , b* and b 7 each independently represents nihil or an additional bond. Y represents oxygen, 
20 R 0i represents hydrogen and R d represents R or a group of the formula: 
(^qCONC^^CHCCHzOH) (CH 2 ),N(R I2 )CH(CH 2 -OH> when b s and b 7 represent nihil and b* . 
represents an additional bond. R 0tt represents nihil, R d — Y represents a group of the formula: 
CHN==C(NR u )0 or CHKHCON(R u ) when b* represents nihil and b J represents an additional " 
bond. Y and R 0n each represents a hydrogen and R d represents group of the formula; 
25 (CHbXCONC^^CHCCHaOH) (CHb^R^CHCCifcOH) when b s , b 6 and b 7 each represents 
nihil, wherein q is 0, 1, 2, or 3 and R, R» and R 12 are described below; 
nisQ, 1, 2 or 3; 

X 1 , X 2 , X 3 , X 4 , X 5 , X 7 and X* are each independently selected from hydrogen, halogen and X s , 
wherein X s is defined below. Preferably X 1 , X 2 , X\ X 4 , X 3 , X 7 and X 5 are each independently 
30 selected from hydrogen and CI; 

X*is selected from the group comprising hydrogen, halogen, SOaH, OH, NO, N0 2 , HHNEfe, 
NHN=CHR J1 , N=NR n , CHR"R» CH^N<R 3 )R» R*. R» and R 13 , wherein R 3 is CH 2 attached . 
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to phenolic hydroxyl group of the 7 th amino acid, R 5 , R n and R 13 are defined below. Preferably 
X*isCEkR 13 ; 

is selected from hydrogen and methyl; 
R c represents R and R 5 ° represents R 5 , wherein R and^R 3 are defined below; 
5 R is selected from CHR 13 and R 14 , wherein R 13 and R u are defined below. Preferably R is 
CHR 13 ; 

. R 1 is selected from hydrogen and R u , si wherein R u is defined below. Preferably R 1 is 

(CH^COOH, (CH&COM^R 12 , (CH^COR 13 , (CH^tCOOR 11 , COR 15 , (CH 2 )tOH, (CH&CN, . 

(CHi)^ 3 , (CH^SCHb, (CH&SOCHb, (O^>S<0) 2 Cli», (CH^phenyKm-OH, p-Cl), 
10 (CH^) t phenyl(c.-X 7 J m-OR 10 , /»-X 5 )-[0-phenyl(o-OR 9 , /n-X 9 , m-R ie )]-m, where t is. 0, 1, 2, 3 or .- 
, 4. R, X 7 , X s , X 9 are defined above. R u , Rf , R 13 , R w ,and R 1 * ara dsfitied below; 

R a and R* are each independently selected firom hydrogen, R 12 and R 17 . wherein R 13 and R 17 

are defined below, 

R 3 is selected from hydrogen, R 12 , R 17 or Sug, wherein Sug is any cyclic or acyclic 
15 carbohydrate. Preferably Sug is mannosyl or O-acerylnxannosyl. R 12 and R 17 are defined 
below; 

R 5 is selected from COOH, COOR 11 , COR 13 , COR 15 , CH 2 OH, CEfehalogen, CEfeR 13 , CHO, 
CENNOR 11 , CH=NNR U R 12 and C^XWHCOWR^R 12 , wherein R u , R 12 , R 13 and R 15 are- 
defined below; 

20 R** is selected from OR 12 , OR 17 , OH, O-alkyl-Sug and O-Sug, wherein Sug is any cyclic or 
acyclic carbohydrate. Preferably Sug is glucosyl, ristosaminyl, N-scetylglucosaminyl, 4-epi- \ 
t vancosaminyl, 3-e/?/~vancos?vminyl,, yancosaminyl, arixpossmixxyl,, glucuronyl, 4- 
oxovanco3aminyl, ureido-4-oxovancosatpinyl and v their derivatives with, functional groups 
such as, for example, amino, carboxy, hydroxy and oxo. Typical carbohydrate dedvatiives - 
25 comprising m ll R 12 9 N^ ll R lu R l,b , COOR 11 , CQR 13 , COR 15 , O-R 1 *, 0-R 17 , C«NOR l V 
CHNHOR 11 , C-NNR U R 12 and C=NNHgONR u R 12 derivatives, wherein R u , R n \ R llb , R l V 
R 13 , R 15 and R 17 are defined below; 

R 7 is selected from hydrogen, R 12 , R 17 Sug and alkyl-Sug, wherein Sug is any cyclic or 
acyclic carbohydrate. Preferably Sug is glucosyl, mannosyl, ristosamlnyl, N-acylglucosaminyl, 
30 N-acylgiucuronyl, glucosaminyl, glucuxonyl, 4-epz-vancosaminyl, 3-ep/-vancosambiyl, 
vancosaminyl, ac^nosaminyl., aoosaminyl^ glucosyl-vancosaminyl, gtowsyl-4-tf/rf- 
vancosaminyl, glucosyl-3-epj-vancosarainyl, glncosyl-acosaminyl, gluco&yf-ristosaminyl, 
glucosyl-actinosaminyl, glucosyl-rhanmosyU glucosyt-olivosyl, glucosyl-manhosyl, glucosyl- 
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4-oxovancosaminyl, gIucosyl«ureido-4K»3^ancosaminy], gIucosyI(rhaiimosyl)-maBnosy!-i 
arabinosyl, glucosyl-2-O-Leu and their derivatives with as functional groups, for example, 
amino, caxboxy, hydroxy and oxo. Typical carbohydrate derivatives comprising NR U R X2 , 
N*R u R lla R Hb , COOR 11 , COR 13 , COR 15 , O-R 12 , O-R 17 C-NOR 11 , CHNHOR 11 , C-NNR^R 12 
5 and C-NNHCOm ll R 12 derivatives, wherein R u , R u *, K n \ R l ? R X3 , R 15 and R 17 are defined 
below; 

R* is selected from hydrogen, R 12 , R 17 , OH, O-aOkyl-Sug and O-Sug, wherein Sug is any cyclic 
*■ or acyclic carbohydrate. Preferably Sug is O-mannosyl, O-galactQsyi- and G-g-gkctosyl- 
galactosyl; / : : 

* 10 'R 9 is selected from hydrogen, R 17 or Sug, wherein Sug is any cyclic or acyclic ; 

• carbohydrate. Preferably Sug is galactosyl or galactosyl-galactosyl. R 12 and R* 7 are defined 
. below; 

R 10 is selected from hydrogen, R 12 R 17 or Sug, wherein Sug is any cyclic or acyclic 
carbohydrate. Preferably Sug is mannosyl or fucosyi 1 . R* 2 and R* 7 axe defined below; 
15 R u a R IU and R llb are each independently selected from the group consisting of hydrogen, 
alkyl, aryl, heteroaiyl, cyloalfcyl, heterocycloalkyl; 

R 12 and R 12 * are each independently selected from the group consisting of hydrogen, alkyl, 
cycloaikyl, aryl, heterocycloalkyl, heteroaryl, acyl, ammo-protecting group, carbamoyl, 
thiocarbamoyl, SO*R 11 , S(0)R n , COR 13 -R 15 , COCHR 15 N(NO)R u , COCHR 19 NR n R 12 and 
20 COCHR'^ n R ,la R m , wherein R 11 , R lla and R Ub are defined above, R 13 and R 15 are 
-.defined below. Preferably R X2a is hydrogen, COCHR**NR ,l R 12 , COCHR 1S NCWO)R 11 , 
COCHR 18 NrR 11 R Ua R nl, and COCHR l8 R i3 ; 

• R X3 is selected from the group consisting of hydrogen, ;NHR. 12 *, 7S[R J1 R 12 7 ' MR 11 Sug, .. 
.N+RiiRii-Rii* r^I^CCR^^CGR 1 * and group of the formula; 

25 : N-A- N 4 "- A • 

wherein A is -CH^-B-CHz- and B is -(CH^WD-CCH^V, wherein m and r are from 1 to 4 and 
D is O, S, NR 12 , l^R ll R lu , wherein Sug is any cyclic or acyclic carbohydrate, R n , R 1U and 
R 12 are defined above: 

R 14 is CH 2 , C-O, CHOH, ONOR 11 , CHNHOR 11 , C=NNR U R 12 , C=NNHCONR n R 12 and 
30 CHNHNR n R 12 , wherein R 11 and R 12 are defined above; 

R 15 is selected from N(R n )NR n *R 12 N(R n )OR Ha , NR l, C<R llll R 1,b )COR 13 , wherein R*\ R 1Ia , 
R 1 lk , R 12 and R" are defined above; 

R ls is selected from group of the formula: R-R 5 or CHCNH^CHbOH; 
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R 17 is selected from SO3H, S2R. n R n % Ilb , SiOR n OR Ua OR nb , PR n R 11 *, P(0)R u R n % 
P^R 1 la R llb , wherein R l \ R 1 u and R ub are defined above; 

R ,B is selected from hydrogen and R x , wherein R l is defined above. Preferably R lx is CH 3 , 
CH2CH(CH;i)2, phenyl(p-OH, m-CI), pheayl-rhamnose-/?, phenyl-fj-hanmose-galactose)-^, 
5 phenyl-(galactose-galactose)-/>, phenyl-O-raethyliiianniose-^; 

' or a pharmaceutically acceptable salt thereof, for use- in a treatment or preventive treatment of 
■ HCV infection, or of AIDS or of AIDS related complex. '■ \ 



Yet another preferred embodiment of present invention is the use of compounds of the formula 



10 



. I, H and III 



15 



Formula I 




Formula II 




wherein: 

b l and b 2 each independently represents nihil or an. additional bond, R° represents nihil when ' 
5 b 2 represents an additional bond and hydrogen when b 2 represents nihil, R 6 represents nihil 
when b 1 represents an additional bond and hydrogen when b 1 represents nihil, R* represents 
R 6a and R° represents hydrogen whenb 1 and b a each represents nihil, wherein R fa is described 
below. Preferably R e represents R 61 , R D represents hydrogen and b x and b 2 each represents 
nihil; 

10 

b represents nihil or an additional bond, R a — R 5a represents a group of the formula: 
CHN(R n )CO, CHNCR u XCH 2 ) z -N(R"")CO or CHN0R. I1 )CO(CH 2 ) K N<R"' l )CO when V 
represents an additional bond, and R* is R and R 5a rs R 5 when b 3 represents nihil, wherein z is - 
0, 1, 2, 3 or 4 and R, R 5 , R 11 and R 1Ia are described below, Preferably R a — R 5a represents 
15 . CHNHCO; 

b 4 represents nihil .or an additional bond, R b ~R Sb represents a group of the formula: •■ 
CHN(R n )CO, CHN(R n )(C3B^(R 1I ^CO or CHNCR Il )CO(CBb) P N(R 1, ^0 when b 4 
represents an additional bond, and R b is R and R 5b is R 5 when b 4 represents nihil, wherein p is ' 
0, 1, 2, 3 or 4 and R, R 5 R u and R Ua are described below; 
10 b 5 , b 6 and b 7 each independently represents nihil or an additional bond. Y represents oxygen, 
R* represents hydrogen and R* represents R or a group of the formula: 
(CHaXCON^^CHCCHaOH) (C^NCR^CHCCH^H) when b 5 and b 7 represent nihil and b 6 
represents an additional bond. R 0a represents nihil, R d — Y represents a group of the formula: 
CBN=C(NR u )0 or CHNHCON(R u ) when b 6 represents nihil and b 5 represents an additional 
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bond. Y and R°* each represents a hydrogen and R d represents group of the formula: 
(CH 2 ) q CONCR n )CH(GH 2 OH) (CH 2 ) q N(R n )CH(CH20H} when b 5 , b* and b 7 each represents 
nihil, wherein q is 0, 1 3 2 9 or 3 and R, R n and R 13 are described below; 
nis 0, 1,2 or 3; 

5 X 1 , X 2 , X?, X\ X 5 , X^and X 9 are each independently selected from hydrogen, halogen and 

wherein X* is defined below. Preferably X 1 , X 3 , X 3 , X 4 , X 5 , X 7 and X* are each independently 
selected from hydrogen and CI; 

X s is selected from the group comprising hydrogen., halogen, SO3H, OH, NO, N0 2 , NHMI2, ■"• 
NHN-CHR 11 , NHNR 11 , CHR 1! R 13 , CH^NCR 3 )!?.", R 5 , R u andPv 13 , wherein R 3 is CH 2 attached • 
• 10 to phenolic hydroxyl group of the 7* amino acid, R 3 ,R n and R 13 are defined below. Preferably •. 
X $ isCH 2 R 13 ; 

X s is selected from hydrogen and methyl; 

R c represents R and R 5c represents R 5 , wherein R and R 5 are defined below; 
R is selected from CHR 13 and R 14 , wherein R 13 and R w are defined below. Preferably R is - 
15 CHR"; . 

R 1 is selected from hydrogen and R u , wherein R u is defined below, Preferably R 1 is 
(CHa),COOH, (CHb)tCONR H R 12 , (CH^tCOR", (CH^COOR 11 , COR 13 , (CH^tOH, (CH 2 )tCN, 
(CKfe^R 13 , (CH 2 )tSCH 3 , (CHaXSOCHa, (CHa)tS(0) 2 CB 3> (CH 2 >phenyl(m-OE; p-CI), 
(CH2>phenyl(o-X 7 , /n-OR^-X'HO-phenyiCo-OR* jw-X 3 , m-B}^f]-m f where t is 0, 1, 2, 3 or 
20 4. R X 7 , X 8 , X 9 are defined above. R n , R» R* 3 , R 1S; and R xe are defined below, 

R 2 and R 4 are each independently selected from hydrogen* R 12 and R 17 , wherein R 12 and R 17 
'are define3 below; ' 

' R 3 is selected from hydrogen, R 12 R 17 or Sug, wherein iStig is any cyclic or acyclic t 
carbohydrate. Preferably Sug is mannosyl or G-acetylmannosyl. R 12 and R X7 are defined v. 
25 * below; 

R 5 is selected from COOH, COOR 11 , COR 13 , COR 15 , CH 2 OH, CH-halogen, CH^R 13 , CHO, . 
CBHNOK 11 , CH=>JNR n R 12 and C=XNHCONR u R 12 , wherein R u , R 12 , R 13 and R 13 are 
defined below; 

R* a is selected from OR 12 , OR 17 , OH, O-alkyl-Sug and O-Sug, wherein Sug is any cyclic or 
30 acyclic carbohydrate. Preferably Sug is glucosyl, ristosambiyl, N-acetylglucosaroinyl, 4-epi- 
vancosaxninyi, 3-epf-vancosaminyl, vancosaminyl, actinosaminyl, glucuronyL, 4- 
oxovancosaminyl, ureido-4-oxovancosaininyl and their derivatives with ftractional groups 
such as, for example, amino, carboxy, hydroxy and oxo. Typical carbohydrate derivatives 
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comprising NR U R 12 . N 4 H n R lu R 1Ib , COOR 11 , COR 13 , COR 15 , O-R 12 , O-R 17 , C-NOR^ 
CHNHOR 11 , C=NNR n R 12 and C=NNHCONR n R ia derivatives, wherein R 11 , R Utt , R llb , R 12 , 
R 13 , R u and R 17 are defined below; 

R 7 is selected from hydrogen, R w , R 17 Sug and alkyl-Sug, wherein Sug is any cyclic or • 
5 acyclic carbohydrate. Preferably Sug is glucosyl, maanosyl, ristosaminyL N-acylgmcosarninyl, ■ 

N-acylglucuronyt, glucosaminyl, glucuronyl, 4-^p/-vancosaininyl, 3 -^/-vancosaminyl, ■ 

vancosaminyl, actinosaminyl, acosaminyl, glucosyl-vancosarainyl, gIucosyl-4-ej?/- •. 

vancosaminyl, gIucosyl-3^f-vancos3jrunyl, glucosyl-acosaimnyl, glucosyJ-ristosaminyl, 
. glucosyl-actinosamirtyl, ghicosyl-rhamnosyl, glucosyl-oliYOByf; glucosy!,msnnosyl, glucosyl- ■• 
10 4-oxcvaneosaminyl, glucosyl-uxeido-4-^xovancosanibiyl, glucosyl(rhamnosyl)-msaaosyl- 
arabinosyl, gracosyl-2-O-Leu and their derivatives with functional groups such as, for 
example, amino, caiboxy, hydroxy and oxo. Typical carbohydrate derivatives comprising 
UR^R 12 , N 4 R ll R 1, *R»", COOR 11 , COR 13 , COR 15 , O-R 12 , O-R 17 , C-NOR 11 , CHNHOR 11 , 
C=NNR u R lz and C=NNHCONR 1I R 12 derivatives, wherein R» R"\ R Ilb , R 12 R 13 , R 15 / 
15 R 17 are defined below; 

R 8 is selected from hydrogen, R 12 , R 17 OH, O-alkyl-Sug and O-Sug, wherein Sug is any cyclic 
or acyclic carbohydrate. Preferably Sug is O-mannosyl, O.-galactosyl and O-galactosyl- 
galactosyl; 

B? is selected from hydrogen, R 12 R n or Sug, wherein Sug is any cyclic or acyclic 
20 caibohydrate. Preferably Sug is galactosyl or galactosyl-galactosyl. R 12 and R 17 arc defined 
below; . 

R 1D is selected from hydrogen, R 12 , R 17 or Sug, wherein Sug Is any cyclic or acyclic 
carbohydrate. Preferably Sug is mannosyl-oor fucosylVR 13 and R 17 are defined below, 
• R \ R 11 " and R m are each independently selected from the. group consisting of hydrogen, 
25 alkyl, aryl, heteroaryl, cyloalkyl, heterocycloalkyl; 

R 12 and R 12a are each independently selected from .the group consisting of hydrogen, alkyl, 
cycloalkyl, aryl, beterocycloalkyl, heteroaryl acyl, amino-protecting group, carbamoyl, 
thiocarbamoyl, SO*R u , S(0)R u , COR 13 -R ls , COCHR 1? N(NO)R u , COCHR 1 ^ 1 ^ 13 and 
COCHR 1 ^ 1 ^ 11 ^ 1 ^ wherein R 11 , R 11 * and R l "> are defined above, R 13 and R 1 * are 
defined below. Preferably R l2a is hydrogen, COCHR 18 NR n R 12 COCHR 18 N(NO)R n , 
COCHR 18 ^ 1 ^ 11 ^ 116 and COCHR 18 R 13 ; 

R 13 is selected from the group consisting of hydrogen, NHR 12 *, NR 1! R 12 , NR n Sug, 
N*R ll R u *R u \ R 15 , NR u CCR n, ». nb )COR 15 and group of the formula; 
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N- A- N+- A 

wherein A is -CHa-B-CEfe- and B is -(CHo) m -D-(CH2)r> wherein m and r are from 1 to 4 and 
D is O, S, NR 12 , N^R 11 *, wherein Sugis any cyclic or acyclic carbohydrate, R u , R Ua and 
R 1 * are defined above; 

5 R 14 is Cth, C=0, CHOH, C-NOR 11 , eHE^HOR u <, C=TJNR U R 12 , C=NNHCOJIR n R 12 and 
CEINHNR U R 12 , wherein R u and R* 2 are defined above; 

R 15 is selected from NCR 11 )^ 11 ^ 12 , N(R Il )OR Ua , NR n C(R n *R Ub )COR 13 , wherein PJ\ R Ua , • 
, R 1 lb , R 12 and R 13 are defined ate) ve; 

■ R 1 * is selected from group, of the formula: R-R 5 , CKa^CH^OH or CM ; 
10 R 17 is selected from SO3H, SiR u R n ?R Ub , SiQR u OR Ua GR Ub , PR n R Ua , P(0)R n R Ua , : 

• P^PJ la R Ub , wherein R u , R 11 ^ 1 and R 1 tt are dexiued above; 

• R 18 is selected from hydrogen -.and R 1 , wherein R 1 is defined above. Preferably R 18 is CHs, • 
CHzCHCCHfeta phenyl(p-OH, m-CT), phenyl-rhaftmose-j?, phenyl-(rhamoos0-galactose)-^, 
phenyKgalactose-galactose)-^ phenyl-O-raethylrhatonose-^; - 



for the preparation of a medicament for preventing'infection of HIV, or treating infection by 
HDTV or for treating AIDS or AIDS related complex. <; 

Each compound of the present invention may be a pure stereoisomer coupled at each of its 
20 chiral centers or it may be inverted at one or more of its chiral centers. It may be a single 



* not be equimolar. Preferably the compound is 5 a single, stereoisomer. Preferably the 



The above mentioned compounds may be engineered to be inactive antibacterial s at 
therapeutically effective antiviral doses and it alsd has been demonstrated by tins invention 
that they can be engineered to have no mammalian cell toxicity at therapeutically effective 
antiviral doses. Yet another preferred embodiment of present invention includes thus the use 
30 in a prophylactic treatment or therapeutic treatment or the use to manufacture a medxeajtnewt to 
treat therapeutically or prophylacticly a viral infection with vancomycin derivatives, 
eremomycin dervatives, eremomycin aglycon derivatives* Des-(K-methyl -D-leucyl)-ermycin 
aglycon, DMDA40, DA40, DA40 derivatives, DMDA40 derivatives, teicoplanin aglyCOtt 



15 



stereoisomer or a mixture of two or more stereoisomers. If it is a mixture the ratio may or may 




25 



25.APr. 2003 7:32 + 32 16 326515 Nr . 5907 p . um 



20 



r 
< 

derivatives, modified products of teicoplaran aglycon degradation or other structurally relateP* 
glycopeptide antibiotics. The compounds are selected for antiviral activity and low 
mammalian cell toxicity and may be eventually selected as additional property antibacterial' 
inactivity in antiviral activity assays such as the antl-HTV assays of present invention, a 
5 ' cytostatic activity assay of the state of the art or the cytostatic activity assay on the mammalian 
cell lines (L1210, MohWCS or CEM) of present invention and additional antibacterial assays 
- of the state of the art . 

• The compounds of the present, invention- for use in a prophetic treatment or therapeutic . 
10 treatment or the use to manufacture a medicament to treat therapeutically or prophylactically a 

viral infection, and preferably a retroviral infection and yet more preferably a HP/ infection. 

• can be selected from the group of compounds lto 30.of the examples of this application. 



15 DESCRIPTION 

Definitions 

As used herein, the term "haiogen" refers to Ci, Br, I, F. 

The term "alkyl" refers to straight or branched, substituted or unsubstituted, saturated or 
unsaturated C r C 2 Ahydrocaibon chains without or with suitable heteroatoms. The number and 
position of unsaturated bonds and heteroatoms may be varied. Any heteroaoms may be the 
■ same or different and can, for example, be O, N, S or B. The Wire, number and position of 
substituents may be varied. Any substituents may be the same or different and can, for 
example, be halogen, SH, OH, COOH, NO*, NHz, mC(NH 2 >=NH; CH(TNH 2 )=NH, NHOH, 
NHNH 2 , N>, NO, CM, N=NR 11 , N=NR 12 , SOR 11 , SO>R". B(OH>, BCOR 11 ),, CO, CHO O- . 
25 Sug, NR^-Sug, B}\ R 12 , R" and R 18 , wherein R 11 , R 12 , r" and R l * are described as above ■ 
and Sug is any cydic or acyclic carbohydrate. Any substituents may themselves be substituted. • 
The position, and number of any substituents may be varied. 



The term "cycloalkyr, as used herein, refers to saturated or unsaturated, substituted or 
30 unsubstituted monocyclic, bicyclic, tricyclic and macrocyclic C 2 -C M hydrocarbon chains. The 
nature, number and position of substituents may be varied. Any substituents may be Hie same 
or different and can, for example, be halogen, SH, OH, COOH, NOa, NEfe, NHC(NH 2 )=NH, 
CH(NH 2 )=NH, NHOH, NHNHz, N 3 , NO, CN, N=NR U , N=NR 12 , SOR u , SOjR 11 , B(OH)2, 



i 
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B(OR u )2, CO, CHO, O-Sug, NR n -Su gl R 11 , R 12 , R 17 and R 1 *, wherein R u , R n , R 17 and R 1 * 
are described as above and Sug is any cyclic or acyclic carbohydrate. Any substituents may 
themselves be substituted. The position, and number of any substituents may be varied. 
Typical cycloalkyls include cyclopropyl, cyclobutyi, cyclopsnteny!, cyclopentyl, cyclohexyl, 
5 cyclohexenyl, cycloheptyl, cyclododecyi> bicylcopentyl, bicyclohexyl, ' bicycloheptyl, . 
adaraantyl, bornyl, noibornyl and the like. 

The term "heeerocycloalkyl", as used herein, refers to saturated or unsaturated, substituted or 
unrabst&ftsd monocyclic, bicydic, tricyclic and m&erocyciic C--C24 hydrocarbon chains with 

10 > . suitable hstsroatoms selected from S, O, H or Br. The nature number and position of- 
substituents may be varied. Any substituents may be the same or different arid* .can, for 
■ example, be halogen, SH, OH, COOH, NO2, NHz ?1 NHC(NH 2 )=NH > CH(NH 2 )=NH, ■ NHOH,, 
NHNH 2 , N 3 , NO, CM, N=NR X1 , N==NR 12 , SOR 11 , SO^R 11 , B(OH) 2 , BCOR 11 )^ CO, CHO, O- 
Sug, WR U -Sug, R n , R 12 , R 17 and R 1S , wherein R 11 , R n , R 17 and R 1S are described as above ' 

15 and Sug is any cyclic or acyclic carbohydrate. Any substituents may themselves be substituted. 
The position, and number of any substituents may be varied, Typical heterocycloalfcyls include 
piperazmyl, piperidrayl, moiphoJOboyl, quinuclidvayl, borabioyctononyl crown ethers, 

ft : 

azacrowns, thiacrowns and the like. 

20 The term "aryl", as used herein, refers to a stable, saturated or unsaturated, substituted or . 
unsubstituted, membered organic monocyclic ring; a stable, saturated or unsaturated, ♦ 
substituted or unsubstituted, C9-C10 membered organic fused bicyclic ring; a stable, saturated' 
or unsaturated, substituted or unsubstituted, Ci2-Ci4 membered. organic fused tricyclic ring; otr 
a stable, saturated , or unsaturated, substituted or unsubstituted, Cx^-Cis membered organic 

25 fused tetracyclic ring. Preferably the aryl is substituted by one or more moieties independently 
selected from the group comprising hydrogen, halogen, SH, OH, CQOH* N0 2 , NH 2 , 5 
NHC(NHa)=NH, CH(NHb)=NH, NHOH, NHNH 2? N* NO, CN, N="NR n , N=NR W , SOR u , 
SOJEt 11 , 0(0^)2, BCOR 11 )^ CO, CHO, O-Sug, NR U -Sug, R u , R 12 , R 17 and K l \ wherein R n , 
R 12 , R 17 .and R 18 are described as above and Sug is any cyclic or acyclic carbohydrate. Any 

30 substituents may themselves be substituted. The position, and number of any substituents may 
be varied. Typical aryls include phenyl, biphenyl, triphenyl, naphtyl, fluorenyl, phenanthrepyl 
and the like. 
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The term "beteroaiyl", as used herein, refers to a stable, saturated or unsaturated, substituted 
orunsubstituted, C4-C7 membered organic monocyclic ring having a heteroatom selected from 
S, O, and N; a stable, saturated or unsaturated, substituted or uusubstrtuted, Q>-C w membered 
organic fused bicyclic ring having One or more heteroatoms selected from S, O, and N; or a 
5 stable, saturated or unsaturated, substituted or uiisubstituted, C 12 -C w msmbered organic fused 
tricyclic ring having one or more heteroatoms selected from S, O, and N. The nitrogen and 
sulfur atoms of these rings are optionally oxidized, and the nitrogen heteroatoms are optionally 
quartemized. Preferably the aryl is substituted by owe or more moieties independently selected 
from the group comprising hydrogen, halogen, "SH,. OH, COOH, N0 2 , NH 2 , NHC(NE2)==NH, ;. 
10 CHCNHiWl, NHGH, NHNEfe, N 3 , NO, €N, N=KR n , N==NR 12 } SOR l \ SOsR", B(Ol-I>^ • 
: B(OR u >, CO, CHO, O-Sug, NR U -Sug, R 11 , R 12 , «P and R 1 *, wherein R u , R** R* 7 and rM . 
are described as above and Sug is any cyclic or acyclic carbohydrate. Any substituents may* 
themselves be substituted. The position, and number of any substituents may be varied. 
- Typical heteroaryls include indolyl, quinolyl piperidyl, thieixyl, piperonyl, oxafluonroyl, 
1 S • pyridyl and benzothienyl and the like. 

The term "acyl", as used herein, refers to group of the formula: -COR 11 , -COOR" or -CSR 11 
herein R 1 1 is described above. 

20 The term, "carbamoyl", as used herein, refers to group of the formula: -CONR u R lla or - 
f CONHR 12 wherein R u , R 1U and R 12 are described above. 

The term "thiocsybamoyl" refers to group of the formula: -CSNHR 12 or -C + (SR 1 >JHR 12 , 
. ■• wherein R n and R n are described above. 
25 : The tenn ;"ammo-protecting group" refers to those groups known in the art to be suitable &r 
•protecting the amino group during the ablation reaction. Such groups are well recognized, . 
and selecting a suitable group for this purpose will be apparent. The tert-butoxycarbonyl 
(Boo), adamantyloxycarboiiyl (Adoc), fluorenylmethoxycarbonyl (Fmoc) and 
carbobenzoxycarbonyl (Cbz) groups are examples of suitable amino-protecting groups. 



30 



The term "carbohydrate" refers to any cyclic or acyclic carbohydrate. 
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The term "glycopeptide antibiotics" refers to the natural glycopeptide antibiotics 
(glycopeptidic molecules produced by microorganisms such as actinomycetes with 
antibacterial activity) such as vancomycin, teicoplanin, eremomycin, DMDA40, DA40, their 
aglycon derivatives and various other structurally related glycopeptide antibiotics and 
5 semisynthetic derivatives. \ 

Ill ustrative embodiments of the invention 

The terminology used herein is not intended to limit the scope bf the present invention but for ' 
10 the purpose of describing particular embodiments. This invention is not limited/to the ^ 
• particular methodology, protocols and reagents described as the'se may vary. 

The present invention includes a class of .natural glycopeptide antibiotics and their derivatives - 
and a class of compounds with structural similarity to said natural glycopeptide antibiotics^ 

15 which possess antiviral activity such as the anti-retroviral activity of presented examples. The 
invention also includes derivatives of glycopeptide antibiotics, which have been structurally 
engineered or modified to decrease or remove completely or partially the antibacterial activity 
while still comprising antiviral activity. The glycopeptide antibiotics are well known as 
powerful antibacterial agents against a wide variety of gram-positive bacteria and until now 

20 there is no data available about anti-viral, anti-retroviral or anti-HTV activity of such \' 
compounds. Several natural peptide antibiotics sxich as complestatins and chloropeptins with-' 
activity against HTV-1 (KL Matsuzara, H, et ai J. Antibiotics 1994, V.47, N.10, p. 1173-1 174) v 
and kistaniycins with activity against influenza virus (N- Namge 7 O, et al J. Antibiotics 1993„ 
V.46, TSF.12, p.1812-1818) have been described. However the structures of these hexa- or ? 

25 heptapeptide antibiotics and the structures of glycopeptide antibiotics and of the aglycons of -"' 
glycopeptide antibiotics have serious differences in both amino acid sequence and 
stereochemistry. All kystaniycins, complestatin and chlorapeptins contain a tryptophan moiety 

linked to central amino acid No 4, whereas it is represented by a substituted phenylalanine 

i 

moiety in vancomycin, eremomycin, chloreremomycra, teicoplanin, DA-40926 and other 
30 antibacterial glycopeptides. 
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The present invention thus includes the use of selected compounds of the general formula 1, 9^ 
and m as an antiviral or to manufacture medicaments to treat or prevent antiviral infection, 
more preferably as a retroviral and more preferably as an anti-HIV and most preferably as an 
anti-HTV-1 or anti-HTV-2 compound. Such compounds can be natural glycopeptide antibiotics, 
with structures as for instance disclosed in ICC.Nicolaou, C.N.C. et al. Chem. Int. Ed., 1999, - 
V.38, p.2096-2152 and B.Cavalleri & F.Parenti. Encyclopedia of Chemical Technology. 1992, 
V.2, p.995-1018. 

The present invention, however, also provides new synthetic, semisynthetic or biosynthetic .'. 
derivatives of natural glycopeptide antibiotics of the general formula I, II and HI. These new • 
compounds can be engineered to be inactive as antibacterials at Iherapeutic antiviral doses. 



15 



20 



In a former preferred embodiment of present invention these antiviral compounds can be 
compounds of the formula I, H and in or salts thereof, wherein: 

b 1 and b 2 each independently represents nihil or an additional bond, R° represents nihil when 
b 2 represents an additional bond and hydrogen when b 2 represents nihil, R 6 represents nihil 
when b 1 represents an additional bond and hydrogen when b 1 represents nihil, R 6 represents 
R fo and R° represents hydrogen when b 1 and b 2 each represents nihil, wherein R* is described 
below. Preferably R e represents R u , R° .represents hydrogen and b 1 and b 2 each represents 
nihil; 

k ♦ 

Formula I ' 
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X° OR* R 



Formula III 





S »J , |i. j Q 



X s OR* R a O X 5 



b 3 represents nihil or an additional bond, R s — -R 5a represents a group of the formula: 
CHN(R n )CO, CHN(R u )(CH 2 ) B NCR Ua )CO or CHN(R u >CO(CH2>J<rCR 11,l )CO when b 3 
represents an additional bond, and R* is R and R 5 * is R 5 when b 3 represents nihil, wherein z is 
10 0, 1, 2, 3 or 4 and R R 5 , R n and R Ui * are described below.' Preferably R s — R 5a represents 
CHNHCO; 

b 4 represents nihil or an additional bond, R* — R 5l> represents a group of the formula: 
CHNCR^CO, CHN(R Il )(CIfc) t N(R ,1 *)CO or CHNCR u )CO(CH 2 )pN(R Utt )CO when b 4 
represents an additional bond, and R b is R and R 51 " is R 5 when b 4 represents nihil, wherein p is' 
IS 0, 1, 2, 3 or 4 and R, R 5 R n and R 1,a are described below; 

. b 5 , b e and b 7 each independently represents nihil or an additional bond. Y represents oxygen, 
R 0 * represents hydrogen and R d represents R . or a group of the formula: 
(CH 2 ) q CON(R n )CH(CH20H) (CHt i ) q N(R 12 )CH(CH20H) when b 5 and b 7 represent nihil and b 6 



( 
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represents an additional bond. R. 0 * represents nihil, R d — Y represents a group of the formulf^ 
CHN=C(NR 11 )0 or CHNHCON(R. u ) when b* represents nihil and b 5 represents an additional 
bond. Y and R 0lt each represents a hydrogen and R d represents group of the formula: 
(CHa),CON(R»)CH(CH 2 OH) (CH 2 )^ w )CH(CH 2 OH) when b 5 , b s and b 7 each represents 
5 ■ nihil, wherein q is 0, 1, 2, or 3 and R, R 11 and R 12 are described below; 
nisO, 1, 2 or 3; 

X 1 , X 3 , X?, X 4 , X 5 , X 7 and X s * are each independently selected from hydrogen, halogen and X s , 
wherein X 5 is defined below. Preferably X\ X 2 , X 3 , X 4 , X 5 , X 7 and X 9 arc each independently 
selected from hydrogen and CI; 
10 X*is selected from the group comprising hydrogen, halogen, S0 3 H, OH, NO, N0 2 , NHNHa, 
NBN=€BR n , NHNR 11 , CHR n R 13 , CWQfJ)K l \ R 5 , R u and R 13 , wherein R 3 is CH 2 attached . 
to phenolic hydroxyl group of the 7* amino acid, R s , R 11 and R 13 are defined below. Preferably 
X 5 isCH 2 R 13 ; 

, X* is selected from hydrogen and methyl; f 
1 5 R° represents R and R 5 * represents R 5 , wherein R and R 5 are defined below; 

R is selected from CHRP and R 14 , wherein R 13 and R M are defined below. Preferably R is 
CHR* 3 ; 

R 1 is selected from hydrogen and R 11 , wherein R 11 is defined below. Preferably R* is 
(CH^COOH, (CH&CONR 1 ^ 12 , (CH^COR 13 , (CH^COOR 11 , COR 15 , (CH^OH, (CH^CN, 
20 (CH£X}\ (CH^SCBfe, (CH 2 )tSOCH3, (CH^)tS(0) 2 CB3, (CB^phenylCm-OH, p-CI), 
(CH^tphenylCo-X 7 , m-OR 10 , ^-XVcO-phenylC^OR 5 , w-X?, m-R 16 )>»i, where t is 0, 1, 2, 3 or 
.4. R, X 7 , X s , X ? are defined above.' R u , R 12 , R» R* 5 and R" are defined below; 
R 2 and R 4 are each independently selected from hydrogen, R 12 and R 17 , wherein R w and R 17 ' ■ 
. • are defined below; 

25 R 3 is selected from hydrogen, R* 2 , R 17 or Sug, wherein Sug is any cyclic or acyclic . 
carbohydrate. Preferably Sug is mannosyl or O-acetylraannosyl. R 12 and R 17 are defined 
below; 

R 5 is selected from COOH, COOR 11 , COR 13 , COR 15 , CHfeOH, CBbhalogen, CH3R 13 , CHO, 
CH=NOR» CH=HNR U R 12 and C=NKHCONR J1 R 12 , wherein R 11 , R 12 , R 13 and R 15 are 
30 defined below; 

R fa is selected from OR 12 , OR 17 , OH, O-alkyl-Sug and O-Sug, wherein Sug is any cyclic or 
acyclic carbohydrate. Preferably Sug is glucosyl, ristosaniinyl, N-acetylglucosaminyl, 4-epi- 
vancosaminyl, 3^p^vaiK;osai2iinyl, vancosaminyl, actinosaminyl, glucuronyl, 4- 
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w oxovancosaminyl, ureido-4-oxovancosaininyl and their derivatives with junctional groups 
such as, fbr example, amino, carboxy, hydroxy and oxo. Typical carbohydrate derivatives 
comprising NR U R 12 , N^ ll R Us R nb ) COOR n , COR 13 , COR 15 , O-R 1 *, 0-R 17 C=NOR u , 
CHNHOR 11 , C=NNR n R 12 and • C=NNHC ONR 1 1 R 1 2 derivatives, wherein R n , R !la , R nb , R n , 
5 R n , R 15 and R 17 are defined below; " 

R 7 is selected from hydrogen, R 12 , R 17 , Sug and alkyl-Sug, wherein Sug is any cyclic or 
».i acyclic carbohydrate. Preferably Sug is gluccsyl, manncsyl, ristosaxainyl, N-acylglucosaminyl, 
N-acylglucurony!, .glucos&mLnyl, glucitroayl, 4-s^vancosammyl, j-epi-Yzntozzminyl, 
vancosaminyl, actinosammyl, acosaminyl, glucosyl-vancosaminyl, gIucosyl-4-epi- 
• 10 vancoaaminyi, glucosyl^-^pr-vanGosaminy^ gluoaryl-acos&miayl, glncosyl-ris*ocami:iyl 3 i 
i, glucosyl-actinosammyl, glucosyl-rhamno&yl, glucoeyl-otivosyl, ghicosy^mOTtf.osyl, glucosy?.-- 
4-oxovancosaxninyl, glucosyl-ureido-4-oxovancosaminyl, glucosyi(rhamnosyl}-manno5y!- 
arabinosyl, glucosyl-2-O-Leu and their derivatives with as functional groups, for example, 
amino, carboxy, hydroxy and oxo. Typical carbohydrate derivatives comprising NR ll R n ? 
15 N*R n R lla R m , COGR 11 , COR 13 , COR 15 , 0-R w , O-R* 7 , C=NOR*\ CHNHOR 11 , C=NNR 11 R L2 
and CHNNHCONR u R 12 derivatives, wherein R 11 , K u \ R u \ R X2 , R w , R is and R* 7 are defined 



R 8 is selected from hydrogen, R w , R 17 , OH, O-alkyl-Sug and 0-Sug> wherein Sug is any cyclic 
or acyclic caibohydrate. Preferably Sug is O-mannosyl, O-galactosyl and O-galactosyl- 
20 galactosyl; 

R 9 is selected from hydrogen* R 12 , R 17 or Sug,« wherein Sug is any cyclic or acyclic • 
carbohydrate. Preferably Sug is; galactosyl or galactosyl-galactosyl. R n and R 17 £tre defined 
below; 

R 10 is selected from hydrogen, R 12 B R 17 or Sug, wherein Sug is any cyclic or acyclic • 
25 ■ carbohydrate. Preferably Sug is mannosyl or fucosyl/R 12 and R 17 are defined below; 

R", R Ua and R Ilb are each independently selected from the group consisting of hydrogen, 
alkyl, aryl, heteroaryl, cyloalkyl, heterocycIoaJ&yl; 

R 1 * and R 13a are each independently selected from the group consisting of hydrogen, alkyl, 
cycloalkyl, aryl, heterocycloalkyl, heteroaryl, acyJ, ammo-protecting group, carbamoyl 
30 thiocarbamoyl, SOJt 11 , S(0)R n , COR a3 -R 3 *, COCHR X5 N(NO)R u , COCHR ls NR n R a * and 



COCHR 18 ^ 1 ^ 11 ^ 1 ^, wherein R u , R u * and R Ub are defined above, R 13 and R 1S are 
defined below. Preferably R* 2 * is hydrogea, COCHR lf? NR ll R 13 , COCHR 18 N(NO)R u , 
COCHR^^R 11 ^ 1 ^ 1 * and COCHR 18 R 13 ; 



below; 
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R 13 is selected from the group consisting of hydrogen, NHR 12s NR 1 ^ 12 NR l, S\JP 
N<R* W, R» m»C(R»*»»)COR»and group of the formula: ' 
N- A- N*- A 

wherein A is ^H 2 -B-CH 2 - and,B is -(C^-D^V, wherein m and r are from 1 to 4 and • 
5 D is O, S, NR 12 , N*R n R lla , wherein Sug is any cyclic or acyclic carbohydrate, R 11 , R lla and 
R are defined above; 

R H is CH 2) OO, CHOH, ONOR» CHNHOR" C=NNR»r» C=WIHC0NR»R" and 
CHNHNR U R H ; wherein R 11 and R 12 are defined, above; 

R 15 is selected from N(R n )NR I . l! tEl ,3 J N(R n )OR u * J|R u C(R u 'R. nb )cOR 13 wher-in* 11 
10 R Ub s R I2 S adR t3 3xe defined above; ' ' 

R t5 is selected from group of the formula: R-R 5 or aj(J«-r 2 )CI^OH; 

R" is selected from S0 3 H, SiR^R 11 ^ SiOR 11 OR llB OR llb> PR^R 11 * P(op ,I R 11 ' 1 
^"R 11 ^, herein R^.R^ar.dR 1 ^ are defined above; ' ' *' 

• R 18 is selected from hydrogen and R 1 , wherein R 1 is defined above. Preferably R 18 is CH, : 
15 CH 2 CH(CH 3 ) 2 , phenyl^-OH, **Ofc phenyi-rhamnose-^ phenyl-Crhamnose-galactose)^ 
phenyl-Cgalactose-galactose)-/>,pheDyl^).metJiylrhamnose-^; 

Each compound of the present invention may be a pure stereoisomer coupled at each of its 
chiral centers or it may be inverted at one or more of its chiral centers. It may be a single . 
20 stereoisomer or a mixture of two or more stereoisomers. If it is a mixture, the ratio may or may 
not be equimolar. Preferably the compound is a single stereoisomer. Preferably the- 
stereochemistry of the peptide core of the compound oootdnbr sfac amino acids (2-7) is ym - 
3(6), 4(i?), 5(i?), 60S) and 7(5). 

25 • Yet another embodiment of present invention is the use of one or more compounds of the ■ 
formulas I, II or IH io a pharmaceutical composition to treat or prevent a viral infection, 
preferably retroviral infection and yet more preferably a HIV-1 or HTV-2 infection. Thus, one 
or more of the compounds, preferably in the form of a pharmaceutical^ acceptable salt, can be 
formulated for oral or parenteral or topical administration for therapeutic or prophylactic 
treatment a viral infection, preferably of retroviral infection and yet more preferably of B3 V 
infections. 

For example: the compound can be mixed with pharmaceutical^ acceptable earners and 
exepients and used in the form of tablets, capsulas, elixirs, suspensions, gels, syrups, wafers 
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and the like. The compositions comprising one or more compounds of the general formula I, II 
or m or derivatives of these compound will contain from about 0.01 to about 90 % by weight 
of the active compound, and more prefereably from about 10 to about 30 %. The composition 
may contain pharmaceutical acceptable carriers and excipients, such as com starch, or gelatin, 
5 lactose, sucrose, microciystalliiie cellulose, dicalcium phosphate, sodium rilloride, and alginic 
acid. 

• For intravenous use, a water sbluble form of the Compounds of present invention can be 
•'dissolves in on® of She vcixunofiiy used jjotWenOus 'Auids or any pharmaceutical^ acceptable ■ 
• 10 fluid for intravenous" injection and administered by inftisioiL Such fluids ac ? for example; ' 
physiological saline,- lunger's solution, oir % depose solution can be used. For rntraflauscular.- 
preparation, a sterile formulation of a suitable soluble salt form of the compound, for example 
a hydrochloride salt, can be dissolved and administered in a pharmaceutical diluent such as 
pyrogen-free water • (distilled), physiological saline or 5 % glucose solution. A suitable 
15 • insoluble form of the compound may be prepared and administered as a suspension in an 
adequate base or a pharmacologically acceptable oil base, for example, an ester of a long chain 
fatty acid such as ethyl oleate. For topical (i.e. intravaginal) use, a sterile formulation of a 
suitable form of the compound can be incorporated in a gel or a cream or alike. 



Zb.APr- 2003 7:35 

r 



( 



+32 16 326515 



Nr. 5907 P. 36/50 



30 



Pimples 



Examples 

Scheme 1. Vancomycin and eremomycin derivatives 



HO 




Code 
no. 


X 


Y 


Z 


Brutto formula 


MW • 
Calc. 




Vancomycin derivatives W=CI, S x =Giu, S^ancosamine, &HH 




1 


NBnBu-p 


OH 


H 


CsaHsjNu^Cla 


1694 




Haemomyci* derivatives W=H, S 1 =GIu, Sa-S^eremosamiue ' 




2 




NHMe 


H 


1 CseHiogNnOajCl 1 1727 ' 




Eremomycin aglycon derivatives W=2 I =S i =S 3 =H 


3 


UH. 2 N[CH 2 CH 2 ] 2 
NBnPh-p . 


OH 


H 


C7lH75N 10 Oi 7 Cl 


1374- 


4 


CHaN[CH 2 CH 2 ]aN 
BnPh-p 


NHMe 


Boc 


CTyHgsNuOjsCl 


1487 


5 


CHaNCCHaCHajaN 
BnPh-p 


^ NHMe 


H 


CTaHysNnCeCl 


1387 


6 


H 


NHCHa(Adam-l) 


H 




1255 
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7 


H 


NHBa-F-p 


H 


C e oHssN»Oi«FCl 


1215 


8 


H 


perhydroiso- 
quiaol-l-yl 


H 


CofiteNjOxsCI 


1229 


9 


H 


N(C«H u )COlSfH- 


H 


CwHtjNwOitQ 


1314 
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Scheme 2. Eremomycin hexapeptide derivative 




Des-(N-in.ethyl-I>-leucyl)-ereinoro.ycin aglycom (b.e:s;»pepttde) 



W-S I =S 2 =S 3 -II 



10 



CKbNHAdam 



NHMe 



C 5 $HtoNsO, 5 Cl 



1143 
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Scheme 3. Teicoplaoin agly con derivatives. 




No 


X 


Y 


Z 


Brutto formula 


MW 




Teicoplaaia aglyco» (TD) derivatives 






11 


H 


NCCH^NCOC^H^ 


H 


Cj^tNjOisCla 


1448 


12 


H 


JNH(CHj|)^NHa 


H 


C«£fcsN s 0 17 Cl 2 


1297 


13 


CHaNHfCH^lSTMeadoHa, 




H 


C s JH S4 N jl 0 17 Ci 2 


1552 


14 


H 




H 


CesH^NsCvCla 


1353 


15 


H 


NH(CH,> 5 CO-D-AIa- 
D-Ala 


Boc 


CtsHt^oOsCIz 


1554 


16 1 


CHaNHMe 


NHMe 


H 


CCTHssNsOiTCla 
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1 17 


H 


N[CHaCHa]jN 


H 




1470 


n 


CH2NHBnBu-p 


NHMe 


Boc 




J.457 


19 


CHaNHBnBu-p 


NHMe 


H 




1387 


20 


H 


OH 


Adoc 


Ces>Hij)N702oCU 


1377 


21 


H 


NHAdam 


H 


GnHdoNiOiTO? 


1332 


22 




NHMe 


H 


CtoHs^NsOitCIj 


1375 






IX JXrvvJuiXIl 






1495 


24 


H 


N(CH3)CH(Adam-l) 


H 


CtoH^NsOitOs 


1359 


25 


H 


NHBn-F-p 


H 


QsHsiNsOnFCla 


1304 


26 


H 


NHCH3(Adam-l) 


H 




1.344 


27 


H 


N(C*H u )CCHSrH- 
C«Hn 


H 


C 7l ^7N ? Oi ? Cl2 


1403 



5 

Scheme 4. Modified products of teicoplanin aglycort degradation 




10 

Compound 28. X = CEkNHAdam, Y = Boo; CsTlksNeOisCb, 1315 
Compound 29. X - CHzNHAdam, Y = H; C 6 iHsoNsOi 6 Cl 2> 121 5 
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METHODS OF SYNTHESIS 



Method A . Arainomethylatcd derivatives (1, 3, 28, 29, 30) 

To a stirred Solution of 0.5 ffiffiQl of afltibiotio or its degradation product and 4 mmol of an 
appropriate amine in 10 ml of an acetonitrile-water 1 ; 1 mixture was added 3 iniriol of 37% 
5 aquous formaldehyde. If a salt of amine was used In NaOH was added to pH 10. The reaction 
mixture was stirred at room temperature for 18 h and then 100 ml of water was added. After 
adjusting the reaction mixture at pH 3 with In HCI, the resulting solution (or Suspension) was 
■extracted with n-BuOH (~ 25 ml x 2); the organic layer was washed with water (~ 15 ml x 2) 
and then concentrated at 45 Q C in a vacuum to a small volume (-3 ml). On adding ether (~ 3.00 ' 

10 ml), the precipitated solid was collected and dried iri vacuum at room temperature for 4 h. 
Then it was dissolved in a minimal amount of MeOH and applied to a chromatographic 
column with Sephadex LH-20 (2 x 100 cm) preequiUbratedbwith MeOEL The column was 
developed with MeOH at a rate of 10 ml/h, while collecting 5 mi fractions. The suitable 
fractions were combined and concentrated to a small volume (~ 3 ml). After adding ether (~ 

15 100 ml) the precipitate formed was collected, rinsed with ether and dried in vacuum at room 
temperature. 

The starting compound for 28 - N^Cbz-N^Boc-TDTP-Me ~ was obtained as previously 
described *. Compound 29 was obtained from 28 by the removal of Boc-group in TFA as 
previously described for N^-Cbz-Tv^-Boc-TDTP-Me 1 . 

20 The starting compound for 30 - N-tenninal phenylthiohydantoin-derivative of teicoplanin 
aglycon - was obtained by Edman degradation of teicoplanin aglycon. 

3L Malabarba, A; Ciabatti, R.'; Maggini, M.; Ferrari, P.; Vekeyv K.; Colombo, L,; Peaaro, M. 
Structural modifications of the active site in teicoplanin and related glycopeptides.2, 
Deglucoteicoplanin«derivedtetrapeptide. J. Org. Chem* 1996, 61, 2151-2157. 



Method B. Carboxaraides (6, 7, S, 9, 11, 12, 14, 17, 21, 24, 25, 26, 27) 

To a mixture of an antibiotic or its degradation product (0.5 mmol) and 5 mmol of an amine 
hydrochloride dissolved In 5 ml of DMSO were added portion-wise Et 3 N to adjust pH 8.5-9 
and afterwards during 1 hour 1 mmol of PyBOP - reagent (benzotriazol-l-yloxy)-tris- 
30 (pyrrolidino) phosphonium-hexafluorophosphate) or HBPyU-reagent (0-(benzotriazol-l- 
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yloxy)-NXl^,N < -bi<tetrame^ylene)iu-onium hexafluorophosphate). The reaction mixturf^ 
was stirred at room temperature for 3 hours. 

Addition of ether (-100 ml) to the reaction mixture led to an oily residue, which was shaken 
successively with ether (15 ml x2) and acetone (-15 ml). After addition of 100 ml of acetone 
5 a precipitate of crude amide was collected, dissolved in 50 ml of water and In NaOH was 
added to pH 9. The resulting solution (or suspension) was extracted with n-BuOH (~ 25 ml x 
3); the organic layer was washed with water (~ 15 ml x 3) and tfien concentrated at 45 °C in 
vacuum to a small volume (-3 ml). On adding ether (~ 100 ml), the precipitated solid was 
collected and dried in a vacuum at room for 4 h. and 100 ml of acetone was addsd to form the • 
10 precipitate, which was collected to give a pure carboxaraide. 

. Method C. Carboxamides of aminomethylated derivatives (2, 5, 6, 9, 12, 15, 18, 19) 

These compounds were obtained by the method B starting from the axninometylated 
derivatives obtained by the method A. 

1 5 Method IX N-carbamoylated derivative. (20) 

To a starred solution of 0.5 mmol of antibiotic orits degradation product in 15 ml THF-water 1 
: 1 mixture adjusted to pH 10 with In NaOH 0.55 mmbl of adamantyloxycarbonyl chloride 
was added. The reaction mixture was stirred at room temperature for 4 h, then it was diluted 
with 100 ml of water. After adjusting the reaction mixture at pH 3 with In HC1, the resulting 
20 solution (or suspension) was extracted with w-BuOH (~ 25 ml x 2); the organic layer was 
washed with water (~ 15 ml x 2) and then concentrated at 45 °C in a vacuum to a small . 
v volume (-3 ml). On adding ether (~ 100 ml), the pireripxtated solid was collected and dried in 
: vacuum at room temperature for 4 h. 

Method E. N-carbamoylated derivative of carboxamide (IS) " 

25 This compound was obtained by the method D using Boc^O reagent starting from 
carboxamide obtained by the method B. 

Method F. N-carbamoylated derivative of carboxaraides of amfaomethylated derivatives 
(4, 18) 

These compounds were obtained by the method D using BocaO reagent starting from 
30 carboxamides of aminomethylated derivatives obtained by the method C. 
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Changing the nature of the sugar residues of the glycopeptide antibiotics such has vancomycin 
can be performed as described in Nicas, TX et al. (Antimicrobial agents and 
Chemotherapy,1996, 40, 2194-2199.) 

5 

Degradation products, the aglycon antibiotics can be obtained through chemical degradation as 
described as examples hereunder. 

Eremomycin aglycon was obtained as described in Berdrrikoya, T.F. et ai (Bercfoikova, T.F.; ; • 
Lomafcina, N.N.; Olsufyeva, E.N.; Alexandrova, ; L.G.; Pbtapova, HP.; Rozinov, B.V.; 
10 Malkova, X.Y.; Orlova, GJ. Structure and Antimicrobial Activity of Products of Partial . 
Degradation of Antibiotic Eremomycin. Antibiotics and Chemotherapy (Rus) 1991, 36, 28- ' 
31). 1000 mg (0.6 muiol) of eremomycin sulfate were f dissolved in 20 ml of HCl 
(concentrated) and were kept at a room temperature for 5 h. Then 60 ml of water were added 
to precipitate eremomycin aglycon. The mixture was cooled to 5 °C and kept in refrigerator for '. 
IS 3 h. The solid was filtered ofE, washed with 10 ml of cool water, then with aceton and dried in > 
vacuum. The solid was dissolved in 6 ml of DMSO and was added to 60 ml of acetone. The 
precipitate was filterred off, washed with aceton : and dried to yield 530 mg of a crude- 
eremomycin aglycon. The water filtrate was passed through column (2x10 cm) of Dowex 
50x2 resin (H + -form), which was washed with water and eluted with 50 ml of 0.25 N NH*OH. 
20 The eluates were concentrated in vacuum with n-BuOH to minimal volume and precipitated 
with 50 ml acetone. The precipitate was collected, washed with acetone and dried in vacuum - 
to give a crude eremomycin aglycon. The samples were analyzed by TLC on the Merck Silica ci 
Gel 6OF25.1 plates in systems EtOAc-PrOH-25% NH*OH 2:2:3 with TJV control. 
The solids were combined and dissolved in 10 ml of 0.05 M AcONHrEtOH 9:1 mixture while 
25 : acidified with 2 N HCl to pH 3 and applied to a chromatographic column, with CM, 32 
carboxymethyl cellulose (Whatman, Greate Britane) (45 cm x 2 cm) preequilibrated with 0.05 e- 
M AcONKU-EtOH 9:1 mixture (pH 6.7). The column chromatography was carried out with "* 
0.05 M AcOMLrEtOH 9:1 mixture (pH 6.7) (300 ml), 0. 1 M AcONKU-EtOH 9: 1 mixture (pH 
6.7) (700 ml), then 0.15 M AcOMLi-EtOH 9:1 mixture (pH 6.7) (700 ml) at a flow rate 30 
30 ml/h. The fractions containing eremomycin aglycon were combined, acidified with 6 N HCl to 
pH 3 and passed through column (2x10 cm) of Dowex 50x2 resin (If -form), which was 
washed with water and eluted with 50 ml of 0.25 N NH4OH. The eluates were concentrated in 
vacuum with n-BuOH to minimal volume, acidified with 0.05 N HCl to pH 5 and precipitated 
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with 50 ml acetone. The precipitate was collected, washed with acetone and dried in vacuuflP 
to give 310 mg (0.28mmol) oferetnomycin aglycon (46.7 %). 

Des-(N-methyI-D-leucyI) ereinomycfri aglycon was obtained from eremomycin aglycon as 
5 described in Mroshnikova, O.V. et al. (Miroshnikova, O.V.; Berdoikova, T.F.; Olsufyeva, 
E.N.; Pavlov, AY.; Reznikava, MX; Preobrazheaiskaya, M.N.; Ciabatti, R.; Malabarba, A.; 
Colombo, L. A Modification of the N-Termmal Amino Acid in the Ercmomycin Aglycone. J. 
Antibiot. 1996, 49, US7-1161. 

10 Teicogblftsiin aglycon was obtained as described in Malabarba, A. et al. {Malabarba:, A.; 
Ferrari, P.; Gallo, G.G.; Kettering, J.; CayaUeri, B. Teicoplanin, Antibiotics from 
Actinoplanes teichomyceticus nov. sp, VII. Preparation add NMR Characteristics of the 
Aglycone of Teicoplanin. J. Antibiotics 1986, 39, 1430-1442). Hie starting compound N- 
terminal phenyltbiohydantoin-derivative of teicoplanin aglycon, was obtained by Edman 
15 degradation of teicoplanin aglycon. To a solution of teicoplank aglycon (lOOmg, -0.08 
xnmol) in a mixture of Py/H 2 0 (6;1, 4 mL), Methyl amine (0,26 mL, 2 mmol) and PKNCS 
(0.02 mL, -0. 1 6 mmol) were added at room temperature under argon. The reaction mixture 
was stirred fox 16 h, then S mL of BbO were added and the reaction mixture was evaporated 
, .with n-BuOH to dryness. The precipitate was dissolved in the mixture of TFA-CH2CI2, 1 : 1 (3 u 
20 mL) at 0-5 °C and then was stirred at this temperature for lh. Water (3 mL) was thea added 
. and the mixture was neutralized with 25 % NH4OH, washed with EtOAc (3 mL x 3), and the 

*qu?ovt* fr.*ct?on was. concentrated in vacuum with the addition of rv-^iOH W.d pppliod to a 
, column of silanized silica gel (2 x 100 cm), previously equilibrated with 0.01M acetic acid. 
.The column was eluted with acetic acid (0.01M) at a flow rate of 30 mL/h for eiution of 
25 compound N-terminal phenylthiohydantoin-derivatiye of teicoplanin aglycon. Fractions were 
. pooled, concentrated with the addition of n-BuOH in vacuum, and acetone (50 mlS) was added 
. to yield the precipitate, which was filtered off, washed with acetone and dried to yield 68 mg 



The homogeneity and identity of the compounds obtained was assessed by HPLC and 
ESlmass-spectrometry. Analytical reverse phase HPLC was canied out on a Shimadzu 
HPLC instrument of the LC 10 series on a Diasoxb C16 column (particle size 7 n*n) at an 
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injection volume of 10 jjL and a wave length 280 nm. The sample concentration was 0.05-0.2 
mg/faL, Mass spectra were detennined by Electrospray lonisation (ESI) on a FLtmigan 
SSQ7.000 single quadrupole mass spectrometer. 



ANTIVIRAL AND CYTOSTATIC ASSAY METHOBS 

V 

Aixti-BEIV activity assays t 
Inhibition of HIV-l(in^) and mV-2(ROD)-induced cytopathticity in CEM cells was measured 

10 ; in microttter 96-weH. plates containing -.3 >: 10 5 CEM- cells/nil, infected with 100 CCID 50 of 
HTV per ml and containing appropriate dilutions of the test compounds, After 4 to 5 days of : 
incubation at 37°C in a C02-controlled humidified' atmosphere, CEM giant (syncytium) cell' 
formation was examined microscopically. The EC5oT50% effective concentration) was defined 
< as the concentration of compound required to inhibit HTvMnduced giant cell formation by 

15 . S0%. 

Cytostatic activity assays 

All assays were performed in 96-weJl microtiter plates. To each well were added 5 - 7.5 x 10 4 
cells and a given amount of the test compound. The cells were allowed to proliferate for 48 h 
' (murine leukemia L1210) or 72 h (human lymphocyte CEM and Molt4/clone 8) at'37°C in a 1 
20 . humidified CO^-controlled atmosphere. At the end of the incubation period > the cells were 
counted in a Coulter counter. The IC56 (50% inhibitory concentration) was defined as the 
z?n r ~.?tr?dion of thus corcpoT'nd tb.*+ r^b^d the aim&er cf c*ifh "by 50%. 
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Discussion 



A variety of glycopeptide antibiotic derivatives of vancomycin, eremomycin and 
teicoplanin including their aglycon derivatives were evaluated on their inhibitory activity 
5 against mV-l(ni B ) and HIV-2CROD) in CEM cell cultures. 

In contrast with vancomycin and eremomycin that did not show anti-HIV activity at 
250 nM, the vancomycin derivative 1 modified at X (Scheme X) was inhibitory to HIV-1 at an 
EC 50 of 12 uM and to fflV^2 at an EC 50 of 22 uM (Table 1). The eremomycin derivative % . 
was.2-fold more inhibitory to fHV-i than L Interestingly, the eremomycin aglycon derivatives 
10 3 to 5 all.invariably inhibited both HTV-l^ad HIV-2 at EC 30 values ran S ing.between..3.5 and 
12.5 ilMi This is at compound concentrations thatfwera at least 15- to 20-fold lower than 
required for eremomycin aglycon. They were relatively non-toxic (LC S » > 100 M M-500 uM for 
CEM cells). The Des-(N-raethyl-D-leucyl)-eremomycin aglycon 10 was also active against 
fflV (13-20 uM) and not toxic at 250 W M (Scheme 1, Table 1). 
1 5 A large variety of teicoplanin aglycon derivatives have also been synthesized (Scheme 

2) and evaluated for their anti-HIV activity (Table 1). All of them showed pronounced anti- 
IHV-1 and anti-HIV-2 activity, often with a trend of being slightly more active against HTV-1 
than HTV'2. The most active congeners were inhibitory against HIV-1 in the range of 1.5 to 
2.5 uM (compounds 11, 13 and 23). 23 was not cytotoxic at 250 uM. This means that 23 had a-' 
selectivity index (ratio IC 3 o/EC 5 o) that was ;> 100. The antiviral activity of the latter 
compound was also at least 10-fold improved over the unsubstituted teicoplanin aglycon 
(ECso: 17-20 .iM;IC 3{i :> 500-^. ' 

Compounds 28 and 29 that lack the ring systems 1 and 3 and have only two macrormg' • 
structures showed activity against HIV-1 and HXV-2 between 17 and 37 jiM (Table 1, Scheme 
3). Also, compound 30 (Scheme 4) showed an antiviral activity of 13 and 17 uM against HTV- 
1 and HTV-2, respectively (Table 1). 

It is clear that in general, the aglycon derivatives of vancomycin, eremomycin and 
teicoplanin gain anti r HIV activity compared to their (usually inactive) glycosylated parent 
compounds. Also, substituents on the aglycons of vancomycin, eremomycin and teicoplanin 
30 that increase the lipophylicity of the aglycon antibiotic derivatives, markedly increase also the 
anti-HIV activity of the compounds. In some cases, just the simple aglycon showed already 
measurable anti-HIV activity, but hydrophobic derivatives were, as a rule, markedly more (10- 
to 100-fold) inhibitory to HIV. Among the teicoplanin derivatives, the highly hydrophobic 



\mmmmsmmmmmm 



25. Apt- 2003 7:38^+32 16 326515 ^ Nr. 5907 P. 47/50 

» •* 

( 41 

compound 17 shows prominent anti~BIV activity. The structural requjbrements to avoid cellular 
toxicity are unclear, but a number of antibiotic derivatives arc clearly not cytostatic in cell 
culture, keeping pronounced antiviral activity. 

5 In conclusion, novel classes of modified antibiotics have been discovered that were- 

surprisingly active and selective against HIV in cell culture. The most active members of these 
antibiotic derivatives had an ECso of 1-3 yM and were non-toxic in cell culture (TCjo > 200- 
500 |iM). Their antiviral mechanism of action is located at an early event in the infection cycle 
of HTV (most likely adsorption and/or fbsion), and clearly different from, its molecular ' 
i 0 mechanism of antibacterial activity. The compounds efficiently suppress drag-resistant HTV-1 * 
• strains (data not shown), and resistance development in cell culture is difficult to afford. " 

Therefore, the (lipophylic) aglycon antibiotic derivatives should be regarded as interesting 
. new lead drugs that should be further explored as antiretroviral (i.e. HTV) compounds for 
systemic use. In addition, their early intervention in the infection cycle of HTV also make these 
15 compounds potential candidate drugs for prevention of HIV spread [i.e, as a roicrobicide given 
through local (Le. topical) administration (i.e. intravaginally)]. 



Table 1, Cytostatic and anti-HIV activity- of glycopeptide antibiotic derivatives 



Compound 




IC 3 o*(hM) 






No. 


L1210 


Molt4/C8 


CEM 


HTV-1 


HIV-2 


Vancomycin 


>50O 


> 500 


>500 


>250 


>250 


Ersmomycin 


500 


>500 


>S00 


>250 


>250 


Teicop]anin 


>500 


>500 


>500 


18 ±3.5 


100 ±0 


Teicopknin 


>500 


>500 


>500 


17 ±3.5 


20 ±0 


aglycon 












Ereinomycin 


>500 


>500 


> 500 


50 ±28 


250 ±0.0 


aglycon 












Vancomycin 


>500 


>500 


>500 


65 ±7.1 


2S0±0.0 


aglycon 












1 


53 ±9 


>100 


> 100 


12 ± 3.5 


22 ± 3.5 


2 


22 ±0.3 


24 ±18 


95 ±14.1 


5.1 ±3.3 


20 
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3 


250 ±39 


>500 


>500 


5.5 ± 0.7 


12±3.5 


4 


84 ±22 


>100 


>100 


4.0 ±0 


3.5 ±0.7 


5 


>100 


> 100 


>100 


4.0 ±1.7 


5.5 ± 0.7 


€ 


94+15 


126 ± 1 1 


148 ±3 


1.6 ±0.36 


7.0 ± 0.0 


7 


>250 


>250 


>2S0 


41.7 ±20.2 


>125 


8 


>2S0 


>250 


>250 


63.3 ± 53.5 


>125 


9 


>250 


>250 


>250 


7.5 ±4.8 


32.5 + 3.5 


10 


>250 


>250 
32.3 ± 


>250 


13 + 9.9 


20 + 7.1 


11 


38.7 ±3.4 


44 ± 0.42 ' 


1.5 ±0.7 


4.5 ±2.1 


12 


>500 


>500 

< 


>S00 


15 ±0 


17.5 ±3.5 


13 


38 ±1 


72 ±6 


66 ±2 


1.8 ±0.49 


7±0 


14 


&500 


225 ±8 


402 ± 138 


. 6.5 ±0.7 


12.5 ±3.5 


IS 


>500 


>soq 


>500 


12.5+3.5 


25 + 7 


16 


>500 


>5Q0 


>500 


15±7.1 


17.5 + 10.6 


17 


>100 


>iop 


> 100 


4±0 


7+4.2 


IS 


70±23 


>100 


>100 


6± 1 


12 ±5.2 


19 


> 100 


>100 


> 100 


9.7 ±9 


12.3 ±6.8 


20 


22 ±0.1 


25 + 0?99 


104±3.0 


13 ±9.9 


6.0 ± 1.4 


21 


30 ±5.7 


26 + 6.0 


123+6.0 


7.0 ±4.2 


6.0 ± 1.4 


22 


212 ± 54 


>250 


^250 


5.0 ± 1.4 


17±3.5 


2$ 


202 ± 68 


>250 


>250 


2.5 ± 0.7 


3.5 ±2.1 


24 


92 ±5 


97 ± 10 


106 ±0 


3.3 ± 1.4 


7.5 ± 0.7 


25 


240 ±15 


>250 


>250 


9.0 ± 5.3 


30.0 ±7.1 


AO 


Q1 4,/) 


i n i i 
1 IJ> ± £ 




1.8 ± 0.5b 


7.0 ± 0.0 


27 


130 + 1 


132 ±9 


165 ±34 


6.0+2.6 


I0.0±2.8 


28 


95 + 10 


122 ± 13 


240 ±13 


17 ±3.5 


11±5.7 


29 


181 ±4.0 


>2S0 


>250 


17 ±3.5 


37±18 


30 


73 ±24 


>250 


242 ±11 


13 ±9.9 


17 + 3.5 



*ICso, or compound concentration required to inhibit tumor cell proliferation by 50%. 
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^ECao, or compound concentration required to inhibit HTV-induced giant cell formation in 
CEM cell cultures by 50%. 
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Abstract 



Glycopeptidic Compounds 



Novel classes of modified antibiotics have been discovered that were surprisingly active and 
selective against HIV in cell culture. The most active members of these antibiotic derivatives 
had an EC*> of 1-3 uM and were nos-toxic in cell culture (IC50 £ 200-500 ...ilvjj. Tuck ancivirai 
mechanism of action is located at an early event in the infection cycle of HIV (most likely 
adsorption and/or fusion), and clearly different from its molecular mechanism of anti-bacterial . 
activity; The compounds efficiently suppress drug-resistant HTV-1 strains, and resistance 
development in cell culture is difficult to afford. 
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